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COMPREHENSIVE ANALYSIS OF LEAKAGE IN ROTARY COMPRESSORS 
Richard J. Rodgers, Jeff J. Nieter 
United Technologies Research Center, 411 Silver Lane, Mail Stop 129-19, East Hartford, CT06108 
ABSTRACT 
The performance of a rotary compressor is very much dependent on the control of key clearances between the moving parts that separate various internal compressor regions. The gaps in these key clearances should receive adequate lubricating oil to 
reduce friction, wear, and leakage. This paper presents the modeling approach developed, as part of a comprehensive simulation, 
to address the leakage occurring through the clearances of seven principal leakage paths. Results from a parameter variation study 
of these leakage paths performed using the simulation are presented to address issues of appropriateness of leakage models, and 
effects of these leakage paths on compressor performance. Also, a comparison between predicted and measured test results is 
presented 
p 
Cross-sectional area of leakage path 
Flow coefficient for leakage path 
Hydraulic· diameter of leakage path 
Gravitational acceleration constant 
Enthalpy of fluid 
Length of leakage path 
Mass flow rate of leakage 
Pressure of fluid 
Subscripts 
do Downstream region 
NOMENCLATURE 
up 
Reynolds number based on hydraulic diameter 
Velocity of channel wall in direction of flow 
Change in mass fraction of refrigerant 
Clearance gap 
Viscosity of fluid 




Rolling piston type rotary compressors inherently operate with clearances between moving parts, which induce internal leakage flows and associated leakage losses. The ability to produce an efficient compressor depends to a great extent on obtaining 
optimal clearances between components during assembly such that minimum clearances occur for the compressor during 
operation. Consequently, it is necessary to evaluate the effects of individual leakage paths on compressor performance so that a knowledgeable approach can be followed when improving compressor design to reduce leakage. The effect of leakage in a rotary 
compressor is to reduce the delivered flow of refrigerant, reducing the cooling capacity and volumetric efficiency, and increasing the compression power. To address the effect of individual leakage paths in a rotary compressor, leakage models were developed for the seven principal leakage paths, and a parameter variation study was performed using a simulation with leakage models for 
these leakage paths. The goal of the study was to address the following: 1) the appropriate type of leakage flow model to employ for each leakage path, 2) the relative contributions to overall leakage from the individual paths, 3) the effect of individual leakage paths to compressor delivered flow and compression power, and 4) which leakage paths should receive the most attention for 
minimizing leakage flow. 
LEAKAGE MODELING 
The leakage model developed for the compressor simulation calculates individual leakage flows for seven leakage paths 
as a function of crank angle (at each instant of time) during the suction, compression, and discharge processes. The leakage 
calculations are dependent upon the instantaneous pressures in the cylinder chamber volumes and, therefore, are closely coupled to 
the compressor cylinder chamber processes. An illustration of the seven paths which have been modeled is given in Fig. 1, and are 
identified in Table 1. 
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Table 1. Identification Of Leakage Paths 
Path Index Path Description 
1 Radial gap between the piston and the cylinder wall separatinQ the compression and suction volumes 
2 Radial gap between the _Qiston and vane tip separating the compression and suction volumes 
3 Axial gaps between each _piston face and end-wall s~Q_arating the compression volume from high pressure oil 
4 Axial Qaps between each piston face and end-wall separating the suction volume from high pressure oil 
5 Axial gaps between each vane and end-wall s~arating the com_Qression and suction volumes 
6 Gap between the vane and the side of vane slot SeQ_arating the compression volume from high pressure fluid 
7 Gap between the vane and the side of vane slot separating the suction volume from high pressure fluid 












Fig. 1 Rotary Compressor Leakage Paths 
0 120 240 360 480 600 720 
Crank Angle, deg 
Fig. 2 Predicted Cylinder Chamber Pressure History 
The actual type of leakage flow occurring in each path is uncertain. It may occur as a gaseous flow of refrigerant (e.g. 
completely, or predominately, oil starved), or more likely, as a liquid flow of oil/refrigerant mixture with refrigerant dissolved in 
the lubricating oil. Both of these different leakage scenarios have been modeled in the compressor simulation. For gaseous 
leakage flow, the model assumes the fluid to be a compressible refrigerant vapor and treated either as nozzle flow, or as Panna 
flow in a channel [1 ]. For liquiqleakage flow, the model assumes the fluid to be an incompressible oil/refrigerant mixture with 
refrigerant outgassing based on the difference between the steady-state equilibrium solubilities (at the local pressure and 
temperature) of refrigerant dissolved in oil for the regions upstream and downstream of the leakage path. 
For the case of a gaseous nozzle flow, the instantaneous mass flow rate of fluid exchange between two regions was 
modeled using the steady, one-dimensional (1-D), isentropic flow [2,3], given in Eq. (1), where A(9) is either a constant or varies 
with crank angle, depending on the individual leakage path geometry. 
(1) 
For a liquid oil/refrigerant mixture leakage flow, the instantaneous mass flow rate of refrigerant exchange between two 
regions was modeled using the steady, 1-D, laminar flow equation with viscous effects [4,5], given in Eq. (2), where AmR(9) is the 
change in refrigerant mass fraction for the equilibrium concentration of the liquid oil/refrigerant mixture. _ 
(2) 
This has been extended for flow between parallel plates, one which is in motion [ 4,5], given by Eq. (3). 
(3) 
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Each of the seven leakage paths can be treated individually in the simulation using either the liquid flow model, or the 
gaseous flow model. The choice is based on experimental information and/or engineering judgment. In an operating compressor 
it is possible that individual leakage paths will experience portions of a cycle where the type of leakage flow (liquid or gaseous) 
changes from one to the other. It is also possible that an individual leakage path is not entirely liquid or gaseous at any instant in 
time [6]. Further, the leakage flow characteristics likely change with operating condition. These uncertainties continue to exist, 
only to be resolved with complicated diagnostic testing, supported by sophisticated mOdels. 
PARAME1RIC STUDIES OF THE LEAKAGE MODEL 
Two studies were conducted to examine the behavior of the leakage models. In the first study, two simulation cases were 
analyzed at the same operating condition using nominal clearances to characterize the significance of each type of leakage flow 
model. One simulation case was performed assuming that liquid oil/refrigerant mixture flow occurs in all of the seven leakage 
paths, while the other case assumed that a gaseous vapor flow occurs in all leakage paths. In the second study, a parametric series 
of simulation cases were analyzed using the liquid oil/refrigerant mixture flow model in which the clearance gaps were varied 
individually for each of the seven leakage paths. 
Comparison Of Liquid And Gaseous Leakage Flow Models 
The liquid and gaseous leakage flow predictions resulting from all seven leakage paths are shown in Table 2. The 
leakage flows are presented as fractions of the delivered flow, and are given for the component of leakage into the suction volume, 
the component of leakage into the compression volume, and for the total net leakage flow. The liquid oil/refrigerant mixture 
leakage model predicts total net leakage flow which is 0.090 of the delivered flow, while the gaseous leakage model predicts a 
total net leakage flow fraction of 0.577. These results show a substantial difference in leakage predictions depending upon the type 
of flow model, and indicate the liquid leakage model to be the most realistic one to use. The results also illustrate the need to 
maintain oil in the clearance gaps of the leakage paths to provide a sealing of the internal regions. Alternatively, they indicate that 
much smaller clearance gaps are required if the compressor is operating in a mode such that gaseous leakage is the dominant form. 
These predictions, for both the liquid and gaseous models, show that the major part of the leakage flow occurs from regions of 
high pressure to the cylinder chamber volume which undergoes suction. The negative flow fraction value, -0.004, for the liquid 
flow model represents a flow "out" of the compression volume, and is due to the higher fluid pressures which occur there. This 
negative value is a very small number, and will typically range, for the liquid flow model, between a very small negative and a 
very small positive value, depending upon operating conditions. 
More detailed results for the comparison between the liquid and gaseous leakage models are shown in Table 3, where the 
distribution in the leakage flow for the individual leakage paths is given. The five leakage paths which exchange flow with the 
suction volume are given in the top section of Table 3, while the five leakage paths which exchange flow with the compression 
volume are given in the bottom section. This table shows that five of the seven individual leakage paths (1, 3, 4, 6, and 7) account 
for the majority of the total leakage, regardless of the flow model used. Also note that three of the seven leakage paths (1, 2, and 
5) define leakage between the suction volume and the compression volume. This implies that a "positive" leakage into one of 
these volumes from the other, will also exhibit itself as a "negative" leakage into the other volume from the first. Each of these six 
leakages (paths 1, 2, and 5 associated with each volume) are the result of independent flow calculations. Consequently, the pairs 
of leakage flows representing the equal and opposite of each other should sum to zero after the simulation has converged to the 
steady-state solution of compressor operation. The discrepancy of the sum from zero is a measure of the degree of convergence. 
Only the gaseous results for paths 1, 2, and 5 in Table 3 do not sum to zero; however, the discrepancy (3 - 4%) is of small 
consequence to the overall results. 
Table 2. Comparison Of Leakage Flow Models 
Leakage Component Leakage Flow Fraction* 
Liquid Model Gaseous Model 
Into Suction Volume 0.094 0.485 
Into Compression Volume -0.004 0.092 
Total Net 0.090 0.577 
* Leakage flow fractions are normalized to delivered flow. 
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Leakage Path Positive Flow Direction Leakage Flow Fraction* 
Liauid Model Gaseous Model 
Relative To Suction Volume 
1 - Piston/cylinder Compression volume to suction volume 0.0309 0.0950 
2 - Piston/vane Compression volume to suction volume 0.0025 0.0150 
4- Piston/end-wall Piston bearing to suction volume 0.0294 0.2476 
5 - Vane/end-wall Compression volume to suction volume 0.0005 0.0071 
7 - Vane/slot Vane slot to suction volume 0.0310 0.1207 
Relative To Compression Volume 
1 -Piston/cylinder Suction volume to compression volume -0.0309 -0.0921 
2 - Piston/vane Suction volume to compression volume -0.0025 -0.0145 
3 - Piston/end-wall Piston bearino- to compression volume 0.0165 0.1590 
5 - Vane/end-wall Suction volume to compression volume -0.0005 -0.0068 
6 - Vane/slot Vane slot to compression volume 0.0134 0.0467 
* Leakage flow fractiOns are normalized to delivered flow. 
The predicted cylinder chamber pressure history over two complete shaft revolutions is shown in Fig. 2 for simulation 
results using the liquid leakage modeL The cylinder pressure is characterized by two pressure peaks during the discharge process 
[3], and these characteristics are evident in the individual leakage flow histories since cylinder pressure is a primary component 
affecting leakage flow. The predicted leakage flow rate histories corresponding to the cylinder pressure history in Fig. 2 are shown 
in Figs. 3 and 4 for the individual leakage paths relative to the suction volume and the compression volume, respectively. The 
characteristics exhibited in the leakage flow histories for paths 1, 2, and 5, which are between the suction and compression 
volumes, are similar to the cylinder pressure history. The characteristics seen in the leakage flow histories for paths 3 and 4 are 
due to the uniform increase and decrease in the circumferential breadth of the piston face between the crank angle position and the 
vane. The small sinusoidal characteristic seen in the leakage flow histories for paths 6 and 7 is due to the effect of wall velocity in 
Eq. (3) caused by the reciprocating vane motion. 
The summation of the five individual leakage flow histories associated with each of the suction and compression volumes 
are shown in Fig. 5, along with the net leakage flow history for the compressor. The cylinder chamber pressure characteristics seen 
in Fig. 2 are evident in both the suction and compression volume leakage flow histories. A significant component of the suction 
and compression leakage flow histories is due to piston/cylinder leakage. However, the net leakage flow history for the 
compressor is ultimately just the result of leakage into the suction and compression volumes from the high pressure regions. Thus, 
the net leakage flow for the compressor is due mainly to piston/end-wall (paths 3 and 4) and vane/slot (paths 6 and 7) leakages. As 
seen in Table 3, the individual leakage flows associated with the leakage between the suction and compression volumes (paths 1, 2, 
and 5) essentially cancel each other out in the net leakage flow for the compressor. With this perspective, it can be seen that much 
of the leakage from the high pressure regions occurs while both the suction and compression volumes are at suction pressure· 
levels, and that the minimum in the net leakage flow occurs when the pressure reaches its peak value. 
Clearance Gap Parameter Variations 
To better understand the effect of internal leakage on performance in rotary compressors, and to identify the dominant 
leakage paths, a parametric series of simulation analyses were performed. The series of simulation analyses were conducted by 
varying, individually, the clearance gaps for all seven leakage paths modeled, using the liquid leakage model. The liquid leakage 
model was selected because it is believed to most closely represent that which occurs within a running compressor [6-8]. Nominal 
clearance gaps were selected for a reference case, and perturbations in the clearance gaps were performed by varying each one 
individually. Equal clearance gaps were used to define leakage paths 6 and 7 for the compression and suction sides of the 
vane/slot gaps, and for paths 3 and 4 for the compression and suction sides of the piston/end-wall gaps. The range of clearance 
gaps used are shown in the following figures. 
The resulting variations in compressor delivered flow with clearance gap are shown in Fig. 6, where the results have been 
normalized to the delivered flow of the reference case. The results indicate that path 2 (piston/vane) and path 5 (vane/end-wall) 
leakage flows have little effect on the delivered flow, consistent with the results of the leakage flow fractions given previously in 
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Table 3. The results in Fig. 6 for the other leakage paths indicate that they are prominent internal leakages. Of these major 
leakages, the piston/cylinder leakage (path 1) exhibits the least sensitivity of delivered flow to clearance gap. The piston/end-wall 
leakage (paths 3 and 4) produces the most adverse effect on delivered flow from increasing clearance gap, while the vane/slot 
leakage (paths 6 and 7) also produces a significant impact on the delivered flow for large clearance gaps. 
Similar adverse effects are shown in Fig. 7 for the changes in total power due to the leakage flows associated with the 
variations in clearance gaps descriped above. Only the piston/end-wall and the vane/slot leakages show a significant increase in 
power with increasing clearance gap; the piston/cylinder leakage actually produces a slight decrease in power requirement. 
Changes in power resulting from the piston/vane and vane/end-wall leakages appear to be insignificant. 
Leakage results from this parametric series of analyses are shown in Fig. 8 such that the leakage flow is defined to be 
relative to the moving control volume which includes the combined suction and compression volumes. Here it is shown that the 
leakage, as a percentage of the delivered flow, remains essentially constant at approximately 9% over the range of clearance gaps 
for the piston/cylinder, piston/vane, and vane/end-wall leakage paths. Both the piston/end-wall and the vane/slot leakage paths 
exhibit a large increase in leakage with increasing clearance gap. 
Comparisons Of Simulation Results With Experimental Data 
An extensive series of test results were obtained from a sample of operating, welded shell compressors as part of normal 
testing. The sample was composed of many different compressors such that each data point represented a single compressor. 
Specific parts such as the cylinder, piston, and vane were carefully matched in these compressors to obtain the specific range of 
clearance gaps desired for the dominant leakage paths described above. The results from these compressor tests have been 
compared to results from simulation analyses and are shown in Figs. 9- 14. The comparison of the normalized change in 
delivered flow (.1.M*/ with clearance gap is given in Fig. 9 for the piston/cylinder leakage path, and the agreement is quite good. 
The comparison for the piston/end-wall path in Fig. 10 shows the test results to be insensitive to clearance gap, while the 
simulation results exhibit much more sensitivity. The comparison of change in delivered flow for the vane/slot leakage path in Fig. 
11 shows fair agreement between the test results and simulation predictions, with poorer agreement at larger clearance gaps. 
Comparisons were also made between the simulation results and test measurements for total power. These results are shown in 
Figs. 12, 13, and 14 as the normalized changes in total power (.llP*Y due to changes in clearance gap for the piston/cylinder, 
piston/end-wall, and vane/slot leakage paths, respectively. The agreement between prediction and test results for changes in total 
power is generally similar to that stated for the delivered flow comparisons. 
In general, the comparisons between test and simulation results are reasonable, but could be better. As with all such 
comparisons, the agreement can be no better than the accuracy of the experimental data. In this case, knowledge of the actual 
clearances after assembly, variation in the clearances during operation, and accuracy in measurements are significant causes of 
uncertainty in the experimental data. Likewise, questions remain as to how well the models represent the leakage flow that 
actually occurs. It should be noted that the testing was performed using many different welded shell compressors to achieve the 
variation in clearances, so variation in compressor components other than those affecting the leakages addressed here could also 
cause significant variation in test results. This approach was used to efficiently obtain test data from welded shell compressors 
having the clearance variations desired, avoiding the costly procedures required with using a single laboratory compressor. 
CONCLUSIONS 
1) The liquid oil/refrigerant mixture leakage model using steady-state solubility data of refrigerant dissolved in lubrication oil 
appears to predict realistic leakage flow. 
2) The gaseous refrigerant leakage model predicts extremely high leakage flow levels - as much as an order of magnitude too high 
- indicating the liquid leakage model to be more appropriate, and also indicating the importance of maintaining oil within the 
clearance gaps where leakage can occur. 
1 
.llM" = [(delivered flow value)- (reference delivered flow)] I (reference delivered flow) 
2 
.1P* = [(total power value)- (reference total power)] I (reference total power) 
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3) The dominant leakages are predicted to be due to the piston/end-wall and vane/slot paths, with the piston/cylinder path also 
being significant. However, the test data does not exhibit the strong sensitivity of delivered flow to the piston/end-wall and 
vane/slot clearance gaps as predicted. The significance of piston/cylinder leakage was verified by the tests. 
4) Leakages through the piston/vane tip and the vane/end-wall clearances are predicted to be negligible. 
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Fig. 7 Predicted Change In Total Power Due To Leakage Path 
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Fig. 8 Predicted Total Net Leakage Flow Due To Leakage 
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